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This study tests whether the likelihood of hospital readmission within 30 days of discharge is different for enrollees in Medicare Advantage plans versus the standard feefor-service program. A key requirement is to control for self-selection into Advantage plans. The study uses statewide inpatient databases maintained by the Agency for Healthcare Research and Quality for five states in 2006. The type of Medicare coverage is known, along with an encrypted patient identifier. We identify eligible first discharges and the first readmission within 30 days. We use selected area characteristics as instrumental variables for enrollment in Advantage plans and apply a bivariate probit analysis. Descriptively, there is a slightly lower likelihood of readmission for Advantage plan enrollees. However, the Advantage plan patients are younger and less severely ill. After risk adjustment and control for self-selection, the enrollees in Advantage plans have a substantially higher likelihood of readmission. Recognizing caveats and limitations, the study supports informing Medicare beneficiaries about the rates of readmission for Advantage plans in their area. Analytical methods to adjust for selfselection into particular plans or plan types should be considered when possible.
An increasing proportion of Medicare beneficiaries are enrolled in plans that are alternatives to the fee-for-service (FFS) coverage. 1 The alternative (''Medicare Advantage'' or ''Advantage'') plans receive a capitation fee per enrollee per month. When such enrollees are hospitalized, the Medicare program does not receive detailed hospital discharge summaries. Therefore, the Medicare hospital claims files do not include data to indicate whether Advantage plan patients have a different experience than FFS patients with respect to quality of care, efficiency of care for chronic conditions, or the likelihood of readmission after discharge from the hospital.
Advantage plans can negotiate selectively with hospitals and physicians, adopt policies to limit particular services, or offer additional services, such as preventive care services, counseling, and improved prescription drug coverage. Due to restrictions on the patient's choice of physician or hospital, limitations on the use of particular services, or plans' ability to control costs and reduce risk for enrollees, Advantage plans may not attract enrollees representative of the FFS population. When hospitalized, enrollees of Advantage plans in 13 states tend to be somewhat younger and less severely ill, and to use somewhat fewer resources compared to FFS enrollees (Friedman, Jiang, and Russo 2008) .
Since capitation of revenue gives plans an incentive to cut costs, researchers over several decades have analyzed whether capitation plans across various age groups actually reduce the use of covered services, compared to enrollees in FFS plans. Glied (2000) provided a review on this topic in 2000, finding a lower cost of services for managed care enrollees. A later review for studies released during the period 1997-2001 found managed care plans associated with a lower use of hospitals and other expensive services, without consistent differences in the measured quality of care for the enrolled populations (Miller and Luft 2002) . Studies on this subject continue. One study focused on patients with chronic conditions and found that patients in managed care plans used less hospital care and more physician visits and associated ambulatory costs (Davidson 2003) . A research report from the Association of Health Insurance Plans (AHIP), using statewide databases from the Agency for Healthcare Research and Quality (AHRQ) and risk adjustment models, compared statewide results for Medicare patients in California and Nevada in 2006. They reported substantially fewer inpatient days, fewer potentially avoidable admissions, and fewer same-quarter readmissions for the same diagnostic group for Advantage plan enrollees (AHIP 2009).
One of the most difficult challenges in assessing differences in utilization of hospital or other services by managed care enrollees is to control for self-selection into managed care plans, which depends on information available to enrollees but not to the analyst. Favorable selection into managed care plans (i.e., people likely to demand less service) has been found in some studies. Mello, Stearns, and Norton (2002) found that Medicare enrollees in capitation plans had a lower probability of hospitalization and a lower use of resources in the hospital, despite a control for favorable self-selection into such plans. An earlier study found favorable selection into Medicare managed care plans by using data from the plans on services and cost together with previous experience of the same enrollees in Medicare FFS (Brown et al. 1987) . Neither of these studies, though addressing self-selection, analyzed whether enrollees in capitation plans had a lower readmission rate after an initial hospitalization.
The Medicare program is concerned about medical errors and insufficient coordination of care at discharge, both generating potentially avoidable readmissions and costs. A current policy of the Centers for Medicare and Medicaid Services (CMS) is to publish comparative hospital-specific data on rates of readmission in the FFS program after discharge for three specific conditions. 2 Two previous reports on Medicare readmissions deserve attention. A widely cited study by Jencks, Williams, and Coleman (2009) studied nearly 12 million Medicare FFS discharges for the 2003-2004 period and found a rate of readmission, dropping only same-day transfers, of 19.6% in 30 days and 34% within 90 days. The report has provided a benchmark for other studies; however, this study uses a somewhat more stringent methodology, as we subsequently describe. Recently, a report from AHIP presented riskadjusted readmission rates for nine states, mostly in 2007 (AHIP 2010). The AHIP investigation concluded that, for five states (California, Nevada, Washington, Texas, and North Carolina), there was a significantly lower same-quarter readmission rate for Advantage patients than for FFS patients. The AHIP study did not control for selfselection into Advantage plans.
This study offers new evidence on the likelihood of hospital readmission within 30 days for enrollees in Advantage plans versus FFS plans. A number of patient variables are used for risk adjustment and we address the endogeneity of choice of an Advantage plan with area-level instrumental variables. A bivariate probit analysis is applied, with a brief comparison to the linear two-stage model. Another methodologic contrast to recent reports is that we use only the first readmission in a year for each distinct person. When frequent episodes of readmission for the same person are treated as independent events, unmeasured person-specific factors end up represented disproportionately in an analysis. The key finding is a noticeably higher likelihood of readmission for Advantage plan enrollees, after risk adjustment and allowing for selfselection. The finding is offered with a number of caveats and data limitations.
Conceptual Framework

Enrollees and Health Plans
Beneficiaries are assumed to weigh the advantages and disadvantages of joining a capitated plan instead of the FFS program. One potential disadvantage of a capitated plan is giving up discretion in the choice of physicians who influence hospitalization decisions, and the choice of hospital at the time when hospitalization is needed. However, lower copayment and other services not available in the FFS plan may be attractive. Due to regulation of premiums, total copayments plus enrollee premiums during the year are usually less than those that similar enrollees would incur in the FFS program. We assume that a capitated health plan is trying to maximize net income in its decisions about the services offered, when to refer patients to some hospitals and physicians, and where to refer patients. In their choice of physicians and hospitals and in other policies plans can influence the rate of readmissions.
Model of Health Plan Enrollment
Consider a simplified model with one Advantage plan in the patient's area, and the FFS alternative. The premium for covered services is regulated and there is no copayment. The demand is:
where N a is the number of enrollees in the capitated plan, P is the regulated premium for the plan, Q is the quality of hospital and ambulatory care, and R is the rate of hospital readmissions. R is an outcome of care that partly reflects the quality of care as well as the coverage of services and management of chronic conditions, but is an independently undesirable attribute of the health plan. Higher P reduces demand for the plan, while higher Q and lower R increase demand for the plan. Note that this assumes patients have information to assess differences in Q and R across plans.
Other demand determinants that the plan does not control are exemplified by Y (median income in the area), H (number of hospitals available in the area), S (number of medical specialists per capita in the area), and M (capitated managed care penetration in the non-Medicare population). We assume that when income is higher, there are more hospitals to choose from, or there are more medical specialists to choose from, potential enrollees in the area will be less willing to join a capitated plan. When managed care plans have a higher market share of the non-Medicare population, we assume the plans can offer better terms to Medicare enrollees due to economies of scale in the production of services and in their bargaining strength in negotiations with hospitals and physicians.
These four demand determinants-Y, H, S and M-can potentially be instruments to adjust for self-selection into Advantage plans. An important question is whether they also affect the choice of Q by the health plan and hence the rate of readmissions, which is the outcome examined in this study. Income, Y, could affect the demand for Q in both FFS and alternative plans. In a higher income area, hospitals and physicians could support higher quality by charging higher prices to all payers, thereby affecting the decisions by health plans. Therefore, income in an area likely would not serve as a good instrument for plan choice. The same objection applies to related measures such as unemployment rate, which can reflect areas of persistent poverty, poor health status, and low ability to pay for health care services. The other area characteristics H, S, M may affect choice of an Advantage plan, but not affect quality outcomes directly. Whether they are statistically adequate to control for self-selection into Advantage plans must be tested.
Health Plan Profits and Quality
The profit of the health plan, p, depends on P, Q, the number of enrollees attracted, and exogenous variables W, according to:
In this formulation, C is the cost that rises with the number enrolled (but until very high enrollment, C is assumed to rise less than proportionately with enrollment due to economies of scale). C also rises with the quality of hospitals and physicians used by the health plan. A higher rate of readmissions raises the cost of hospital care to the health plan. The net effect of Q on C takes account of any net saving due to a lower readmission rate. We assume that other covered services and extra services are supplied at constant marginal cost and earn no additional profit. Substituting the demand equation into the profit formulation, there is one choice variable, Q. Taking the derivative of profit with respect to Q, maximum profit occurs at the value satisfying this condition:
Here, C/ N a is the partial derivative of cost with respect to enrollment, D/ Q is the partial derivative of demand with respect to quality, and C/ Q is the partial derivative of cost with respect to quality. This condition has a simple message: at the optimum, a small improvement to quality has no net effect on profit as the extra cost is just equal to the extra net revenue due to additional enrollment. 3 At the optimum for the capitated plan, it is not ascertainable theoretically whether Q will be higher or lower than a Medicare beneficiary receives under the FFS plan, Q f . Therefore, the null hypothesis in the empirical study is that there is no significant difference between Q f and Q, once the reasons for population difference and preference for the Advantage plan are fully controlled. Somewhat outside the scope of the simplest theoretical model, market conditions may have important effects. The number of competing plans offered may have the effect of increasing the range of options for quality and premium available, and thereby increase total enrollment. Also, in areas where input costs to health care are higher (e.g., the area wage index for hospitals), capitated plans may attract more risk-averse enrollees concerned about the risk of large out-of-pocket copayments in the FFS coverage.
Methods
The hospital discharge data are drawn from five State Inpatient Databases in AHRQ's Healthcare Cost and Utilization Project (HCUP) in 2006. The states are Arizona, California, Florida, Massachusetts, and Tennessee. Downloadable documentation is available. 4 These are states that distinguish patients with Medicare FFS coverage versus alternative Medicare plans. Also, they provide an encrypted patient identifier that permits linkage of hospital admissions regardless of the hospital in the state where the patient is readmitted. Generally, the most useful person identifiers are based on Social Security number and date of birth. 5 We screened discharges and rehospitalizations in several steps. The study was designed to observe the likelihood of readmission within 30 or 90 days of the initial (or ''index'') discharge, therefore the initial discharge occurred within the first nine months of the year. To reduce space and complexity, we report only analyses for the 30-day readmissions. We do not know if or when a patient was hospitalized in the previous year because the data agencies do not commit to using the same identity encryption method each year. For Massachusetts, the initial admission occurred within the first six months of the year. The people in the study were ''verified''-if the initial and subsequent discharges disagreed on age, gender, or zip code of residence, the person was dropped from the sample along with all his or her discharges. Transfers from another hospital were not counted as readmissions if they met either of two criteria: if the admission source for the rehospitalization was given as another shortstay hospital, or if the date of admission was the same as the date of the previous discharge. After these steps, we had 1.96 million discharges in the sample, of which 1.25 million were the index discharges.
Readmissions
Eligible readmissions excluded any rehospitalizations that were pregnancy-related or trauma-related. 6 A person was used just once in the analysis so we kept only the first readmission within 30 days for the analysis. This is a big difference from two previous studies (Jencks, Williams, and Coleman 2009; AHIP 2010) . For some purposes, analysts might want to use the same patient more than once and consider all readmissions-it would measure the ''burden of readmissions'' over a long time period and may be of interest to health plans. The issue here is that the people with multiple readmissions may be very different from others in the study due to unmeasurable factors. For example, they may be living in nursing homes that have financial incentives to quickly send patients to hospitals when any acute problem arises, or in private homes with little support and assistance with the management of health conditions. Such influences on the observation of frequent sequential admissions are not captured in current administrative data, and could confound the estimated effects of any measurable variables. These unobservable influences would have disproportionate influence if more than one readmission per person were used in the study. From a purely statistical point of view, multiple episodes of readmission for the same person should not be treated as independent observations due to correlated, but unmeasured, person-specific variables.
Selections Based on Area
In a further selection, only people with a Core Based Statistical Area (CBSA) code that matched to vital information about CBSAs were kept. The area information provides instrumental variables that can be correlated with selection of an Advantage plan without affecting the likelihood of readmission for a particular initial admission. Therefore, about 60,500 discharges for people living in rural areas were dropped from the study.
CBSA Information
The Area Resource File (ARF) provides information by CBSA on the supply of physicians of various specialties in a CBSA, the number of short-stay general hospitals, as well as household income and unemployment among adults. Information on enrollment in health plans is compiled by InterStudy, Inc., and is available for sale. The file for 2006 provides, among other things, the proportion of people under age 65 enrolled in health maintenance organizations (HMOs) and the proportion enrolled in other types of plans or public programs. The Interstudy file provides data for 938 CBSAs. As a check on the validity of area matching, the population count from the InterStudy file was compared to the population count from the same CBSA in the ARF and large discrepancies led us to drop a few CBSAs. The very few CBSAs with no short-stay general hospital also were dropped. Two other variables for the area were obtained from the CMS public website: the area wage index used for hospital payment calculations, and the number of Advantage plans offered.
Final Sample for Analysis
Of the remaining index discharges, we dropped 38,800 who died during the initial stay. The patients who died were no more or less likely to be enrolled in Advantage plans than patients discharged alive (23.2% each). The resulting database for analysis contained 1.142 million index discharges along with first readmissions, if any.
Severity of Illness and Comorbid Conditions
The initial stay was categorized as either a case with a medical diagnosis-related group, a case with a minor diagnostic or therapeutic procedure not requiring general anesthesia, or with a major procedure. 7 Severity of illness, an indicator developed by 3M Inc., has severity levels that take into account principal diagnosis, unrelated secondary diagnoses, procedures, and age (Averill 2000) . A high level of severity (3 or 4), which generally indicates multiple organ system impairment and a systemic threat to survival, was distinguished by a dichotomous variable from lower severity (1 or 2), based on results for this variable in a recent article (Friedman, Jiang, and Elixhauser 2009) . The number of different chronic conditions was calculated along with a set of dummy variables for the presence or absence of specific types of comorbid conditions unrelated to the principal diagnosis (see initial demonstration by Elixhauser, et al. 1998 ). To the extent that patients with a high unmeasured severity or complexity were identified by the physicians and sent to particular types of hospitals, some hospital characteristics may serve partly as proxies for patient severity. Teaching hospitals and large hospitals in general may be better able to maintain the most capable specialty teams in a broad scope of specialties and therefore attract the more difficult cases. However, there is an offsetting influence.
Larger hospitals can better spread the cost of training programs to improve safety (e.g., reduce postoperative infections) and counsel patients at the time of discharge. So the net effect of these hospital characteristics is ambiguous.
Econometric Formulation
The statistical tests were done in the context of this model for the readmission likelihood of patient j:
where the observed value of R is 1 if readmitted within the interval of time and 0 otherwise. ADV is the dummy variable with value 1 for the patient enrolled in an Advantage plan, and 0 if enrolled in FFS coverage. HS is the high severity indicator for the patient, and Y is the income variable for the patient's area of residence. We included additional severity-related patient characteristics as well as hospital characteristics.
There is a potential endogeneity-ADV j may be correlated with the error term U j . We addressed this by using instruments to fit ADV j in a separate relationship ADVjg g Ã Z j , V j À Á , where Z is a separate set of determinants and V represents the error terms. The approach featured in this study is bivariate probit analysis, where R and ADV are assumed to have the joint normal cumulative distribution with correlation r. The separate probit equations and r are fit simultaneously with maximum likelihood methods, as implemented by the STATA software package. 8 The ADV equation is termed the ''first stage'' by convention. This approach has been recently employed by Encinosa and Bae (2011) , based on earlier work by Greene (1993, section 21.6), Rashad and Kaestner (2004) , and others. If the correlation turns out to be 0, then separate probit equations could be fit. The candidates for instrumental variables Z in the first stage are measures at the area level that are assembled due to conceptual relevance. All of these variables are individually correlated with ADV. The test for satisfactory instruments is a test for overidentification constructed in the following way. If one instru-ment is used to identify the first stage, and other instruments are inserted in the second stage for R, they should not be statistically significant. In addition, at least one of the other instruments should meet the same test when serving as the identifying instrument.
In testing for overidentification of the first stage and then in fitting the bivariate probit model, we allowed for correlation of errors among the patients within a particular hospital of initial admission. This allowed for correlation in the selection (or referral choice) of hospital based on unmeasurable variables. As a consequence of this treatment of errors, the estimated standard errors of the model parameters become larger and more realistic than if one were to assume that each patient is a completely independent observation.
We used the same instruments for comparative application of a linear formulation of the f ( ) and g ( ) functions. The linear twoequation instrumental variables model was used by Gowrisankaran and Town (1999) , and by Friedman and Jiang (2010) . Several tests could be applied, using the instruments developed previously. Greene (1993, section 9.5.5 ) suggested a specification test that hinges on the following property: after fitting the first-stage instrumental equation, if one included both the predicted value of ADV j and the fitted error term V j into the equation for R j , the error term V j should not have a large or statistically significant ''effect.'' A Hausman test for specification should also show a significant effect of using instruments in a first stage. A test for overidentification of the first stage by the instruments in the linear model could use Hansen's J chi-square test, originating with the work of Hansen (1982) .
Findings
Table 1 provides basic descriptive data for the variables used in the analysis. We offer no statistical tests for difference in means due to the large N that gives low standard errors to group means. Note that for this univariate comparison, the readmission rate within 30 or 90 days is lower for the Advantage plan patients than for FFS patients.
The next set of variables indicates that the proportion of patients age 85+ and with high severity or complexity of illness was somewhat lower in the Advantage patients. Fewer of the Advantage patients were in the hospital for a major procedure. The pattern of specific comorbidities is mixed and difficult to discern. Average length of stay is noticeably higher for the FFS enrollees. FFS enrollees were more likely to be treated initially in teaching hospitals and large hospitals as well as the smaller hospitals. The average case mix-adjusted real cost is higher for FFS enrollees. The FFS enrollees tend to live in areas with fewer community hospitals, fewer medical specialists per capita, a lower market penetration of HMOs in the younger population, and fewer Advantage plans offered. There is essentially no difference in whether the initial admission was classified as potentially preventable. We analyzed the person's enrollment in an Advantage plan with respect to candidate instrumental variables that are not directly indicative of the person's health-related characteristics or a particular hospital admission. Table 2 presents results from a linear relationship, with adjusted standard errors for heteroskedasticity and for correlation of unmeasured factors at the hospital level. The same pattern was found for a univariate probit estimation. The F-statistic for Test A indicates that the full set of candidate instruments was significantly associated with the enrollment in an Advantage plan. All the area variables were tested as candidate instruments according to the procedure recommended by Encinosa and Bae (2011) and earlier authors, each time with a bivariate probit estimation of the complete model. The only two instruments that mutually satisfy the conditions for overidentification of the Advantage choice equation are shown under Test B-specifically, the area wage index for hospitals together with the number of shortstay hospitals.
Results for the complete biprobit analysis are presented in Table 3 . The first-stage equation has the two instruments together with all the exogenous variables from the second stage. The results for readmission within 30 days are shown. The coefficient for enrollment in Advantage plans is significantly positive, yielding a .056 increase in probability of readmission (compared to the overall mean probability of .1419). An important diagnostic finding is the estimate of the correlation r 5 2.167 for the bivariate normal distribution. The negative correlation indicates self-selection into Advantage plans based on unmeasurable person characteristics associated with a lower rate of readmission.
Some of the other non-clinical variables associated with readmission are noteworthy. In higher income areas where there is likely demand for higher quality care, readmission was less likely. Patients in small hospitals had a higher likelihood of readmission, as did patients in teaching hospitals, but the interpretations might be quite different. The state dummy coefficients of three states were rather large and negative (these are each compared to the omitted state of Tennessee).
For comparative purposes, a two-stage linear probability model was fit to the same data with the same instruments for enrollment in a Medicare advantage plan. The simple test proposed by William Greene was applied with the result that the fitted value for ADV had a large effect on readmission 
Discussion
After risk adjustment and control for selfselection into Advantage plans, hospitalized Advantage enrollees had a noticeably higher likelihood of readmission than did FFS enrollees. A number of caveats and limitations apply to these somewhat surprising findings. One feature of the study design could have led to different results than earlier reports. We analyzed the likelihood of only the first readmission after the first discharge in a year. In that respect, this is a person study instead of a discharge study, in which the same person possibly could have multiple windows of admission or readmission during a year. The purpose of the design was to reduce the impact of unmeasurable variables that could give rise to frequent hospital admissions in a year. Unmeasurable influences include whether a person is living in a private home versus a nursing home, and if living in a private home the amount of supervision and assistance to manage chronic illness. It would be interesting to study whether Advantage plans are successfully targeting their efforts on readmission more narrowly to people needing long-term care or to those who have had repeated readmissions. Another caveat about Advantage plans is that they may have indirect effects captured here, such as a shorter length of stay, which is valuable to patients and saves money but in some cases may increase the risk of readmissions. Advantage plans are not all the same, of course. Plans with more experience managing an exclusive panel of physicians and hospitals may be more effective in keeping both readmissions and cost relatively low. Perhaps several of the state dummies, which can pick up a number of influences in the licensing and regulation of insurers, as well as the generosity of payment for low-income patients, are also picking up states with some particular large and experienced managed care plans.
The study cannot tell if a person initially admitted in one state was later readmitted in a different state. In general, border crossing rates are fairly small. Based on all discharges in HCUP state databases for 44 states in 2009, the proportion of hospitalizations of residents occurring out of state was between .9% and 2.4% for the states in the study. 9 Nevertheless, there is a potential bias. A person who is planning to spend a considerable time in more than one state has an incentive to enroll in the FFS plan.
The main results raise questions about the incentives of plans to engage physicians and manage other staff and resources to reduce readmissions. If people are not well informed about comparisons between plans on this performance measure, it will reduce the incentive of plans to invest in reducing readmissions. It may be more profitable to concentrate on other ways of reducing cost, such as avoiding elective procedures when ambulatory care alternatives exist, or otherwise limiting the use of expensive specialty services and testing, even if it raises the risk of readmission for some people.
Conclusion and Implications
Informing Medicare beneficiaries about the risk-adjusted rates of hospital readmission in each Advantage plan as well as those for mainstream FFS coverage would offer them new indications about the quality of health care for each plan. This is different from current policy strategies of disseminating readmission rates for particular hospitals. Publishing risk-adjusted readmission rates for health plans could promote plans' development of services, such as those shown in demonstrations to reduce readmissions (Lorig et al. 1999 ). However, risk-adjustment models are vulnerable to unmeasured factors that underlie self-selection into particular health plans. Practical methods to adjust for self-selection in reported outcomes could start with a strategy similar to the one in this paper using area characteristics that can help to explain choice of plan. Going beyond this paper, it would be desirable to include characteristics of individual plans that could make a plan less or more attractive to those enrollees who have complex chronic conditions that tend to increase readmissions.
